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Description 



The present invention relates to UV curable hardcoat compositions which are useful for imparting abrasion resist- 
ance and improved weathering resistance to thermoplastic substrates when applied and cured thereon. More partic- 
ularly, the present invention relates to UV curable mixtures of a monofunctional branched or carbocyclic acrylate, such 
as isobornyl acrylate, which is used in combination with hexanediol diacrylate, colloidal silica, the hydrolysis product 
of an alkoxysilyl acrylate and an effective amount of a UV photoinitiator. 

Prior to the present invention, as shown by Olson et al, U.S. patent 4,455,205, acrylic monomer, such as hexanediol 
diacrylate was utilized in combination with a UV photoinitiator, colloidal silica and an alkoxysilyl acrylate of the formula, 



where R is a C (1 . 13) monovalent hydrocarbon radical, R 1 is a C (1 . 8) alkyl radical, R 2 is a divalent C (2 . 8 ) alkylene radical, 
R 3 is a monovalent radical selected from hydrogen and a C (1 . 8) alkyl radical, a is a whole number equal to 0 or 1 , b is 
an integer equal to 1 to 3 inclusive, c is an integer equal to 1 to 3 inclusive, and the sum of a + b + c is equal to 4. 
Although the UV curable hardcoat compositions of Olson et al have been found to provide adherent and abrasion 
resistant coatings on thermoplastic substrates when cured, and the cured coated articles have been found to have 
improved weathering resistance, additional hardcoat compositions having increased abrasion and weathering resist- 
ance are constantly being sought by the plastics industry. 

Summary of the Invention 

The present invention is based on the discovery that UV curable coating compositions capable of providing hard- 
coats on thermoplastic substrates which show improved weathering resistance while maintaining abrasion resistance, 
can be made by utilizing in the hardcoat formulation, a monofunctional branched or carbocyclic acrylate, such as 
isobornyl acrylate, in combination with hexanediol diacrylate. The resulting UV curable coating compositions have been 
found to provide coated thermoplastic articles having superior weathering resistance while maintaining abrasion re- 
sistance generally shown by commercially available UV cured hardcoat compositions. 

Statement of the Invention 

There is provided by the present invention, a UV curable hardcoat composition comprising by weight, 

(A) 1% to 60% of colloidal silica, 

(B) 1% to 50% of the hydrolysis product of an alkoxysilyl acrylate of formula (1), 



where R is a C {1 . 13) monovalent hydrocarbon radical, R 1 is a C (1 . 8) alkyl radical, R 2 is a divalent C (2 . 8) alkylene 
radical, R 3 is a monovalent radical selected from hydrogen and a C (1 . 8} alkyl radical, a is a whole number equal 
to 0 or 1 , b is an integer equal to 1 to 3 inclusive, and the sum of a + b + c is equal to 4, 

(C) 25% to 90% of acrylate monomer consisting of a mixture of 20 wt.% to 90 wt.% of hexanediol diacrylate and 
10 wt.% to 80 wt.% of a monofunctional branched or carbocyclic acrylate and selected from isobornyl acrylate, 
cyclohexyl acrylate, 1 -adamanty! acrylate and tert-butyl acrylate, and ' 

(D) an effective amount of a photoinitiator. 

Radicals included within R of formula (1 ) are for example, (C^. 8) alkyl radicals such as methyl, ethyl, propyl, butyl, 
pentyl, hexyl; C {6 . 13) aryl radicals, such as phenyl, tolyl, xylyl, chlorophenyl. Radicals included within R 1 are for example, 
C (1 . 8) alkyl radicals defined by R. Radicals included within R 2 are C (2 . 8) divalent alkylene radicals such as dimethylene, 
trimethylene, tetramethylene. Radicals included within R 3 are for example, hydrogen, and C (1 . 8) alkyl radicals as pre- 
viously defined for R. 

Included within the alkoxysilyl acrylates of formula (1 ) are compounds having the formulas 




o R 3 



(1) 




(1) 



CH 2 =CCH 3 C0 2 -CH 2 CH 2 - Si(OCH 2 CH 3 ) 3 
CH 2 = CHC0 2 - CH 2 CH 2 -Si(OCH 3 ) 3 
5 CH 2 = CCH 3 C0 2 - CH 2 CH 2 CH 2 -Si(OCH 2 CH 3 ) 3 

CH 2 =CHC0 2 -CH 2 CH 2 -Si(OCH 2 CH 3 ) 3 
■ CH 2 = CCH 3 C0 2 - CH 2 CH 2 CH 2 - Si(OCH 3 ) 3 

CH 2 =CHC0 2 - CH 2 CH 2 CH 2 -Si(OCH 3 ) 3 

CH 2 =CCH 3 C0 2 - CH 2 CH 2 CH 2 -Si(OCH 2 CH 3 ) 3 

i 

15 CH 2 =CHC0 2 -CH 2 CH 2 CH 2 - Si(OCH 2 CH 3 ) 3 

CH 2 =CCH 3 C0 2 -CH 2 CH 2 CH 2 CH 2 -Si(OCH 3 ) 3 
^ CH 2 = CHCO z - CH 2 CH 2 CH 2 CH 2 -Si(OCH 3 ) 3 

CH 2 = CCH 3 C0 2 - CH 2 CH 2 CH 2 C-H 2 - Si(OCH 2 CH 3 ) 3 

CH 2 = CHC0 2 - CH 2 CH 2 CH 2 C-H 2 - Si{OCH 2 CH 3 ) 3 etc. 

2S The colloidal silica useful in the hardcoat compositions is a dispersion of submicron-sized silica (Si0 2 ) particles in 

an aqueous or other solvent medium. Dispersions of colloidal silica are available from chemical manufacturers such 
as E. I. DuPont de Nemours Co. and Nalco Chemical Company. The colloidal silica is available in either acidic or basic 
form. However, for purposes of the present invention, the acidic is preferred. It has been found that superior hardcoat 
properties can be achieved with acidic colloidal silica (i.e. dispersions with low sodium content). Alkaline colloidal silica 

30 also may be converted to acidic colloidal silica with additions of acids such as HCI or HgSC^ along with high agitation. 

An example of a satisfactory colloidal silica which can be used is Nalcoag 1034A®, available from Nalco Chemical 
Company, Chicago, III. Nalcoag 1034 A is a high purity, acidic pH aqueous colloidal silica dispersion having a low NagO 
content, a pH of approximately 3.1 and an Si0 2 content of approximately 34 percent by weight. For example, 520 
grams of Nalcoag 1034A colloidal silica is, approximately, 177 grams of Si0 2 by weight. 

35 A further description of colloidal silica can be found in U.S. Pat. No. 4,027,073. 

The hardcoat compositions also can contain a photosensitizing amount of photoinitiator, i.e., an amount effective 
to effect the photocure of the coating composition. Generally, this amount is from about 0.01 % to about 10% by weight, 
and preferably from about 0.1% to about 5% by weight of the photocurable coating composition. 

As shown in U.S. patent 4,478,876, Rack Chung, certain blends of ketone-type and amine type photoinitiators are 

40 effective for crosslinking the above described coating compositions in air to form suitable hard coatings upon exposure 
to UV radiation. 

Other ketone-type photoinitiators which preferably are used in a nonoxidizing atmosphere, such as nitrogen, are 
those selected from the group consisting of: 

benzophenone, and other acetophenones, 
45 benzil, benzaldehyde and o-chlorobenzaldehyde, 

xanthone, 

thioxanthone,2-chlorothioxanthone, 

9, 1 0-phenanthrenenquinone, 

9, 1 0-anthraquinone, 
so methylbenzoin ether, 

ethylbenzoin ether, 

isopropylbenzoin ether, 

a, a-di eth oxyacetoph en on e , 

a,a-dimethoxyacetophenone, 
55 1 -phenyl-1 ,2-propanediol-2-o-benzoyl oxime, 

and 

a,a-dimethoxy-cc-phenylacetopheone. 
In addition, acylphosphorus compounds can be used as photoinitiators such as, 2,4,6-triorganobenzoyldiarylphos- 
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phine oxides, 2,4,6-tnmetnyioenzoyldiphenylphosphine oxide and 2,4,b-trietnyiDenzoyiainapninyipnospnine oxioe; 
2,4,6-triorganobenzoyl diorganophosphonates, such as, 2,4,6-trimethylbenzoyldiethylphosphonate and 2,4,6-triethyl- 
benzoyl diphenylphosphonate; 2,4,6-triorganobenzoyldiarylphosphine sulfides, such as 2,4,6-trimethylbenzoyldiphe- 
nylphosphine sulfide. 

5 The hardcoat compositions of the present invention can also contain UV absorbers or stabilizers such as resorcinol 

monobenzoate, 2-methyl resorcinol dibenzoate, 2-hydroxy-4-octyloxy benzophenone and other benzophenone-type 
absorbers, 2-(2'-hydroxy-5'-t-octylphenyJ)benzotriazole and other benzotriazole-type absorbers, 2-hydroxy-4-octyloxy 
phenyl-diaryl triazines, etc. Hindered amine light stabilizers also can be added. The stabilizers can be present in the 
hardcoat composition at from about 0.1 to 15 weight percent, and preferable from about 3 to 15 weight percent. 
10 The UV curable hardcoat compositions of the present invention also can contain various flatting agents.surface 

active agents, thixotropic agents, UV light stabilizers and dyes. 

Some of the surface-active agents which can be used include anionic, cationic and nonionic surface -active agents 
which are shown in Kirk-Othmer Encyclopedia of Chemical Technology, Vol. 19, Interscience Publishers, New York 
1969, pp. 507-593, and Encyclopedia of Polymer Science and Technology, Vol. 13, Interscience Publishers, New York, 

is 1 970, pp. 477-486, both of which are incorporated herein by reference. 

In the practice of the present invention, the UV curable hardcoat composition can be made by blending together 
the aqueous colloidal silica, the alkoxysilyl aery late, the hexanediol diacrylate, monoacrylate, the UV photosensitize r, 
and optionally any of the other aforementioned additives. In a typical blending procedure, the alkoxysilyl acrylate can 
be hydrolyzed in the presence of aqueous colloidal silica and a water miscible alcohol. In another procedure, the 

20 aqueous colloidal silica can be added to the alkoxysilyl acrylate after it has been hydrolyzed in aqueous alcohol. Suitable 
alcohols include, for example, any water miscible alcohol, for example, methanol, ethanol, propanol, butanol, etc, or 
ether alcohols, such as ethoxyethanol, butoxyethanol, methoxypropanol, etc. In a further procedure, aqueous colloidal 
silica and the alkoxysilyl acrylate can be combined and stirred until hydrolysis has been effected. The hydrolysis of the 
alkoxysilyl acrylate can be accomplished at ambient conditions, or can be effected by heating the hydrolysis mixture 

25 to reflux for a few minutes. 

Although the order of addition of the various ingredients in the UV curable hardcoat compositions of the present 
invention is not critical, it is preferred to add the hexanediol diacrylate or "HDDA" and monoacrylate, or mixture thereof, 
to the above described mixture of hydrolyzed alkoxysilyl acrylate and colloidal silica. Preferably, the HDDA, monoacr- 
ylate monomer, or mixtures thereof is added to the mixture of alkoxysilyl acrylate and colloidal silica while it is stirring 

30 in a suitable hydrolysis medium, such as an aqueous solution of a water miscible alcohol as previously described. 

The UV curable hardcoat composition of the present invention also can be made free of solvent by distilling an 
azeotropic mixture of water and alcohol from the formulation. In instances where no alcohol is utilized in the initial 
hydrolysis mixture, sufficient alcohol can be added to facilitate the removal of water by distillation. Other azeotrope 
solvents, for example, toluene, or other aromatic hydrocarbons, also can be used. 

35 it has been found that at least one part of alkoxysilyl acrylate per 10 parts of Si0 2 should preferably be used in 

the UV curable hardcoat composition to minimize the formation of gel. 

The hard coat compositions of the present invention are based in part on silicon-containing ingredients and involve 
the condensation of colloidal silica and the alkoxysilyl acrylate. A variation in the silicon content of the hardcoat com- 
positions has been found to influence such physical properties as the abrasion resistance of the resulting hardcoat. 

40 Additional properties, for example, the adhesion lifetime of the hardcoat on a thermoplastic substrate can also be 
enhanced by optimizing the formulation of the UV curable hardcoat composition. Suitable thermoplastic substrates 
which can be utilized in the practice of the present invention to produce shaped thermoplastic articles having enhanced 
abrasion resistance are, for example, Lexan polycarbonate, Valox polyester, Mylar polyester, Ultem polyetherimide, 
PPO polyphenyleneoxide, polymethylmethacrylate, etc., metals such as steel, aluminum, metallized thermoplastics, 

45 etc. 

In order that those skilled in the art will be better able to practice the invention, the following examples are given 
by way of illustration and not by way of limitation. All parts are by weight. 

Example 1 ' 
so . :.v«. : . 

There was added 17.5 g of 3-methacryloyloxypropyl trimethoxysilane to a mixture of 117 g of Nalco 1034 A available 
from Nalco Chemical Company, Chicago, III., having 34% Si0 2 in water and 760 ml of reagent isopropyl alcohol. The 
mixture was allowed to stir for about 12 hours. There were then added to the resulting mixture, 48.75 g of isobornyl 
acrylate and 0.025 g of 4-methoxyphenol, and the volatiles were removed using a rotary evaporator equipped with a 
55 slow air bleed. The temperature of the mixture was 60°C and it was subjected to a partial vacuum. There was obtained 
104 g of a free-flowing liquid. 

The above procedure was repeated except that in place of the isobornyl acrylate there was used hexanediol dia- 
crylate. 



4 



A series ot coating resins were prepared by blending the above-described isobornyi acrylate master oaten anaine 
hexanediol diacrylate master batch over a wide range of proportions. There was added to 100 parts of the respective 
resin blends, 3.5 parts ot Cyasorb 5411 of American Cyanamid Co., which is 2-(2'-hydroxy-5'-t-octylphenyl)benzotria- 
zole, 3.5 parts of Tinuvin 238 of Ciba-Geigy Co. which is 2-(2'-hydroxy-3',5 , -di-t-amylphenyl)benzotria2ole, and 2 parts 

5 of Lucirin TPO which is trimethylbenzoyl diphenylphosphineoxide of BASF, West Germany. The coatings were applied 
by the cold cast process at 0.1 m/s (20 ft/min) at 43°C (110°F) to 0.38 mm (15 mil) unstabilized Lexan polycarbonate 
film using Ashdee medium pressure mercury lamps to effect cure. The uncured coating resin was applied to the surface 
of the polycarbonate film and air was expelled from the coating. The coating was then cured through the film surface 
opposite the coated surface while in contact with a smooth surface such as polished chrome or plastic. The thicknesses 

io of the coatings were determined by U V measurements, the Taber abrasion values were determined by measuring the 
change in haze (A % H) using a Gardner model XL-835 Haze meter before and after 500 cycles of abrasing on a Model 
174 Taber abraser equiped with CS-10F wheels and 500 g weights and the samples were subjected to weathering in 
an Atlas Ci35 a weatherometer. The following results in Table 1 were obtained where exposure to fail is shown in terms 
of exceeding a yellow index °YI" of greater than 5, a haze greater than 10%, delamination and microcracking were 

is measured in KJoules/m 2 at 340nm, HDDA is hexanediol diacrylate and IBA is isobornyi acrylate. 



Table 1 



20 



25 



Coatings made with isobornyi acrylate and HDDA Exposure to fail (KJoules/m 2 at 340 nm) 


HDDA:IBA 


Taber 


Thickness 


Mic roc rack 


Yl>5 


Haze>l0 


Delamination 


100:0 


7.6 


4.7um 


3400 


4270 


5000 


5600 


90:10 


7.1 


4.3 


3400 


4270 


5000 


5600 


80:20 


5.6 


4.2 


4930 


4000 


4500 


5600 


70:30 


8.2 


4.6 


6280 


4800 


6800 


5600 


60:40 


9.4 


4.7 


7630 


5500 


8400 


8300 


50:50 


8.1 


5.0 


9100 


6300 


8600 


9100 


25:75 


24 


5.8 


>9100 


8100 


.>9100 


>9100 



30 The results in Table 1 show that increasing the fraction of IBA in the coating up to 50% does not adversely affect 

the abrasion resistance. The weathering is improved over the control at fractions greater than 10%. 

Additional compositions were prepared using HDDA in combination with lauryl acrylate, and HDDA in combination 
with tetrahydrofurfuryl acrylate. It was found that coatings made by replacing the HDDA with lauryl acrylate generally 
had inferior abrasion resistance and weatherability. In addition, although the use of tetrahydrofurfuryl acrylate in com- 
as bination with HDDA provided cured coatings that did not impair Taber abrasion values, the weathering performance 
was not improved by the replacement of HDDA with the tetrahydrofurfuryl acrylate. 

Example 2 

40 A master batch for the hardcoat compositions was prepared in accordance with the procedure of example 1 , except 

that only 28.8g of HDDA was used resulting in a resin formulation that contained 50 pph of colloidal silica. There was 
then added to 10g of the master batch, 2.5g of a particular monoacrylate to provide a composition containing 40 pph 
colloidal silica in which the acrylate blend was 60 wt. % HDDA and 40 wt. % of monoacrylate. The respective blends 
were then further formulated with the same UV screen and photoinitiator to provide a series of UV curable hardcoat 

45 formulations. These UV curable hardcoat formulations were then applied to polycarbonate films, cured and evaluated 
as shown by Table 1 . The following results were obtained : 



50 
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Table 2 

Coatings made with 60/40 HDDA/monoacrylate 
Exposure to fail (KJoules/m 2 at 3 4 0nm) 

Acrylate Taber Thickness Microcrack YI>5 Haze>10 Delamination 



HDD A 


7.3 


7. 2fxm 


4000 


6400 


4700 




IBA 


9.7 


7.2 


7150 


7500 


7600 




CHA 


7.7 


6.6 


4800 


6900 


6900 




tBA 


13.2 


6.2 


6400 


5800 


7200 




Ada 


10.2 


8.1 


7150 


>8000 


>8000 




* LA 


30.0 


6.8 


2400 


7400 


5500 




*> EHA 


13.5 


5.1 


3200 


3800 




4800 


* DCPA 


9.4 


9.0 


2400 


3600 


2500 




Code : 


HDDA : 


Hexanediol 


diacrylate 


(control) 






IBA 




Isobornyl 


acrylate 







CHA : Cyclohexyl acrylate 

tBA : t-Butyl acrylate 

AdA : l-Adamantyl acrylate 

LA : Lauryl acrylate 

EHA : 2-Ethylhexyl acrylate 

DCPA : Dicyclopentenyl acrylate 

* : comparative example 

The above results show that linear monoacrylate (LA) was not suitable for imparting a satisfactory degree of Taber 
abrasion and weathering to the polycarbonate substrated when cured, while branched or carbocyclic acrylates isobornyl 
acrylate, cyclohexyl acrylate, t-butyl acrylate and 1 -adamantyl acrylate gave satisfactory Taber abrasion values of less 
than 15% haze. 

Although the above example is directed to only a few of the very many variables which can be used in the present 
invention, it should be understood that the present invention is directed to a much broader variety of U V curable hardcoat 
compositions as set forth in the description preceding this example. 



Claims 

1. A UV curable hardcoat composition comprising by weight, 

(A) 1 % to 60% of colloidal silica, ' 

(B) 1% to 50% of the hydrolysis product of an alkoxysilyl acrylate of formula (1 ), 

(R l O)bSi- (R 2 -0-C-C = CH2) c , (i) 

where R is a C (1 . 13) monovalent hydrocarbon radical, R 1 is a C (1 . 8) alkyl radical, R 2 is a divalent C (2 . 8) alkylene 
radical, R 3 is a monovalent radical selected from hydrogen and a C^. 8) alkyl radical, a is a whole number 
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equal to 0 or 1 , b is an integer equal to 1 to 3 inclusive, and the sum ot a + 0 + c is equal to 4, 
(C) 25% to 90% of acrylate monomer consisting of a mixture of 20 wt.% to 90 wt.% of hexanediol diacrylate 
and 10 wt.% to 80 wt.% of a monofunctional branched or carbocyclic acrylate and selected from isobornyl 
acrylate, cyclohexyl acrylate, 1-adamantyl acrylate and tert-butyl acrylate, and 
s (D) an effective amount of a photoinitiator. 

2. A UV curable hardcoat composition in accordance with Claim 1 where the alkoxysilyl acrylate is 3-methacryloy- 
loxypropyl trimethoxysilane. 

io 3. A UV curable hardcoat composition in accordance with Claim 1 or Claim 2 where the UV photoinitiator is 2,4,6-tri- 
methylbenzoyl diphenyl phosphine oxide. 

4. A thermoplastic substrate coated with a UV cured hardcoat of the hardcoat composition of any one of Claims 1 to 3. 

i 

is s. A thermoplastic substrate In accordance with Claim 4, which is a polycarbonate substrate. 
Patentanspruche 

20 1. UV-hartbare Hartuberzugs-Zusammensetzung, umfassend, bezogen auf das Gewicht: 

(A) 1 % bis 60% kolloidales Siliciumdioxid, 

(B) 1% bis 50% des Hydrolyseproduktes eines Alkoxysilylacrylats der Formel (1) 
25 (R)= O R 3 

(R 1 0) b Si- (R 2 -0-C-C=CH 2 ) c ' 

worin R ein ein wertiger C-j.-jg-Kohlenwasserstoff rest, R 1 ein C^Q-Alkylrest, R 2 ein zweiwertiger C 2 _ 8 -Alkylen- 
30 rest, R 3 ein einwertiger Rest ist, ausgewahlt aus Wasserstoff und einem C-j.g-Alkylrest, a eine ganze Zahl von 

0 Oder 1 ist, b eine ganze Zahl von 1 bis einschlieGlich 3 ist und die Summe von a + b + c gleich 4 ist, 

(C) 25% bis 90% von Acrylatmonomer, bestehend aus einer Mischung von 20 Gew.-% bis 90 Gew.-% von 
Hexandioldiacrylat und 10 Gew-% bis 80 Gew-% eines monofunktionellen, verzweigten oder carbocyclischen 
Acrylats, ausgewahlt aus Isobornyiacrylat, Cyclohexylacrylat, 1 -Adamantylacrylat und tert-Butylacrylat und 

35 (D) eine wirksame Menge eines Photoinitiators. 

2. UV-hartbare Hartuberzugs-Zusammensetzung nach Anspruch 1 , worin das Alk-oxysilylacrytat 3-Methacryloyloxy- 
propyltrimethoxysilan ist. 

40 3. UV-hartbare Hartuberzugs-Zusammensetzung nach Anspruch 1 oder 2, worin der UV- Photoinitiator 2,4,6-Trime- 
thylbenzoyldiphenylphosphinoxid ist. 

4. Thermoplastisches Substrat, uberzogen mit einem UV-geharteten Hartuberzug aus der Hartuberzugs-Zusammen- 
setzung nach einem der Anspruche 1 bis 3. 



45 



5. Thermoplastisches Substrat nach Anspruch 4, das ein Po I yea rbon at -Substrat ist. 



Revendications 

50 

1. Composition pour revetement dur, qui peut durcir sous Taction d'UV et qui contient, en poids : 

A) de 1 a 60 % de si lice colloidale ; 

B) de 1 a 50 % du produit de I'hydrolyse d'un acrylate d'alcoxysilyle, de formule (1) : 

(R)a O R3 

(R 1 0) b Si-(R 2 -0-C-C=CH 2 ) c (1) 
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uciiio ia H ucnc i i tc^ioocuic uri lauiuai iiyuiuuaiuuiiB 1 1 iui luvdibi u en 0-|_-|3, n* lepieseilie Ull IclUIUell aiKyie en 

C^g, R 2 represente un radical divalent alkylene en C 2 _ 8 , R 3 represente un radical monovalent choisi parmi un 
atome d'hydrogene et un groupe alkyle en C^q, a represente un nombre entier valant 0 ou 1 , b represente un 
nombre entier valant de 1 a 3, limites comprises, et la somme a + b + c vaut 4 ; 

C) de 25 a 90 % d'un monomere de type acrylate, constitue d'un melange de 20 a 90 % en poids de diacrylate 
d'hexanediol et de 10 a 80 % en poids d'un acrylate monofonctionnel ramifi6 ou carbocyclique, choisi parmi 
I'acrylate d'isobornyle, I'acrylate de cyclohexyle, I'acrylate de 1-adamantyle et I'acrylate de tertiobutyle . et 

D) une quantite efficace d'un photoamorceur. 

Composition pour revetement dur, qui peut durcir sous I'action d'UV, conforme a la revendication 1 , dans laquelle 
I'acrylate d'alcoxysilyle est du 3-methacryloyloxypropyl-trimethoxysilane. 

Composition pour revetement dur, qui peut durcir sous Taction d'UV, conforme a la revendication 1 ou 2, dans 
laquelle le photoamorceur UV est de I'oxyde de 2,4,6-trimethylbenzoyl-diphenylphosphine. 

Substrat thermoplastique revetu d'un revetement dur obtenu par durcissement, sous Taction d'UV, d'une compo- 
1 sition pour revetement dur, conforme a Tune des revendications 1 a 3. 

Substrat thermoplastique conforme a la revendication 4, qui est un substrat en polycarbonate. 
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